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PURPOSE: A semiconductor device having a self- 
aligned contact structure is provided to reduce 
loading capacitance between the first conductive 
layer and the second conductive layer in a self- 
aligned contact hole, by making the side surface of 
the first conductive layer surrounded by a silicon 
oxide layer spacer having a low dielectric constant. 




CONSTITUTION: Two conductive structures are 
formed on a semiconductor substrate, having an 
interval between the two conductive structures and 

including the first conductive layer and a silicon nitride layer mask layer stacked on the first conductive 
layer, Silicon oxide layer spacers are formed on the side surfaces of the conductive structures, partially 
exposing the upper portion of the side surfaces of the structures and having a height lower than the upper 
portion of the silicon nitride layer mask layer. Silicon nitride layer spacers formed on the exposed side 
surfaces of the conductive structures and on the silicon oxide layer spacers. An insulation layer exposes 
the silicon nitride layer spacers on the Interval, composed of a silicon oxide layer having a self-aligned 
contact hole of which a part extends to a portion over the conductive structures and formed on the 
conductive structures and the substrate. The second conductive layer is self-aligned with the conductive 
structures, filling the self-aligned contact hole. 
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(71) 


C3 C9 1_ ' *l ^ 1 ' *l Hi ^3 ^3 


(72) ^^S» 


4^aAI l-g^^ DHe3S 416 
3 :?l £ g 2] Al :?! ^ e ^ Ai El >il'24^ A| QFm 1 02-802 
3 :?l E4i£JA| ggqiDH &4g^[H OFEI-M 1 05-1 303 


(74) [HEiei 


s 1 £ 4^ s Ai ^ S! a § 35^ SO mm 1 02-206 

— 1 0 —r 






(54) ^^-^EfS! 5^ 





A^ol(}^l zr^e ?>:i2 ^^oii ^^eidi 7:111 ^ ?;i)i £3# ^eie itF^^ oi-^h# 

tFS,*- ^iEIIOIAIM^ 59 4^011 ^EI5 >:10|AIMD| ^SSQ. SxHl ^' 4^011 ^EI5 

±nilO(A1#M b:MA!?IIl Ex-il ^'^^ ^i-S-EI^ ^^-^Ej-oj ^^^m ^ 

El^ OI^CHS 13#0I ^^^'Q. ^^-^El-oj £1 ^^MMOil ^^-^EI-SIEI^ 

?;il2 DHii^iQ. £Jl ^^^^ ^•'Dil ^'El^ ^IHIOlAi ii ^E|^ ^'t|-^»- ^IHIOl 

A1^ ^^^1 ^EIIOIAIM ^^t^:2^^^. W l^-^EI-o] LH^ XI12 £3# Zm\ ^ 

9 ^HSHAie^M iJ-4:Aia ^ S^Q. 

£ 2^ gEH^ ^^SOII BJtj" ^Z-^EI-ej S^t:!^ BS^OIQ. 

E 3^ gEH^ i ^^011 2J^H ^^-^Efei S"X|°1 Ba^OIQ. 

S 5^ a a^^oi u|.e^?si*h ^mV\ DRAM S^Xl^ S^EOIQK 

E 6S £ 5^ AA'i!«l [Qg, ^ m ^AlOtlOil Bjti" ^^-gEF°i i^-^ DRAM SxISj 

e^EOIQK 

E 7a LHAI E 7h^ £ 6Dil EAI^^ DRAM S^xISl Ti-ll^^^^M ^SoF7| ^1^1- E^^EMOIQ. 

E 8? £ 5^ AA AICHI [[fM, a ^^S^ ;gi2 ^AIDllOil ^^-^Ej-o) ^^.h yv^ dRAM gx|2i 

B3EGIQ. 

100, 200 : &^E^^I 102 : Xlll ESS 

104, 210 : ^'EI5 SShBf 

105 : Ejcfl 106, 212 : ^E|? i^th^^ ^rffllGIAI 
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108, 214 : ^EIS §tl-5| ^i^EIIOlAi 



110 
114 
202 



112, 218 : ^^-^EhSI 
M2 201 : 

I'E AHJ5f 203 : «OIM 



204a, 204b : SHE 3^ 205a : ?HSHAIEi ^Itj 

205b : yi^EhS! S^ 206 : All #21^ 3 

207 : HI^Ehej 2(ffi : dIMEhS! 

211 : aiMEhS! ^ZEM 216 : «I2 #agS^»- 

220 : ^HIBAIEI ES# 

B ^^S^ ^^Ex^l S-x! S 3 Tiil^^'-aWI SH^, 4^Aiiah>il^ ^l|0|Ai(dual spacer)! 

aHE^ii §-xi:7h ns^m ^' n^ti-ijOii cu-ek aiAii nHsei ^^goi fi^tm si^oi hh<:!I^ aoi (width) 

CH Si^ HH^ 122! £^ Ahg^fOj ^^Al?!^ ^^h (contact)^ ^EF°l W\ 

3, :i:Ah^EI D^a ^^S^h3Ai 0|^CH7<I0^ ^l-E^, ^Ah^ ^-gCHI ^iOjAI 3^1 :^^AI^^7^1 

SQ. [Q-EfAi. QOILH^ ^Hg ^Ail^ Oil S El (dynamic random access memory; DRAM)2h DIIHEI S-XlOil 
SiCHAi, 4^:?! (}ilSEI 3J\m ^Su^^ a°iE^ ^'"Stj-Q. 

51^011^ 0.25/^m Omh^i 71 #01 ^^^1 Si^CiL i^^ES^ 01 All 

L^ H7|^ ^iSSF:7|7F CH^Ch Qi^OL 01^4^ ESSM Afg^l-^ DilSEI l^^AlQijAi^ SZ^IS 

^^Qil ^rH E3#2F Ami^ ^Oi:?|- ^OFT^lAI E^^M ^»-CHI ^'Soh- ^SGI DH^ 01 

a^-j^Q. 01 Oil [CfEK mi EE! ^21- aOI ClA^o] g (design rule)Oil Ot^:7^ SlU ^EH^J 1001 

^^-gE^ei ^^M^ EWM Olgul-CH ^^Am ^^ol-^ ^^^^A1. ^ 

OL E^O! ^^1 ?|X|01|A12| =J}H eChI 2|ijH Ql-^^h 3:?|2| ^^h^ 0^^:321 k\ 

e SOI 4^ siQ. [CfEhAi, ^^-^Era :?iaHj e ^vgs ^b^oi qi^i^ ^.^^s si-ai 
s.^k\ aiAii ^ SiQ^ 5:ioiQ. t^AH Sr^oi Ai-gEin ^^-^Era 

Q|a,^^ Aizj- ^§011 [Ht^ I'th^^ ^^HIM 01^^1-01 ^^B^ ^^ol~ SiOICK 

E 1^ §EH 1>'-S0il ^^-^Efo] ^^-il ^^■E^^I g-xl^ B^EOILK 

E \m S^^ehS, Ail I E'^1#(16) ^» 4^71 A1I1 E2IS(16) ^i-WI ^S^i ^Ej^ ^t|-e»-(l8)e 5tmh= Ej- 
Ex^| ^ieM(19)M ^^E^li I^IEi-ClO) ^'-Oll ^^tfCh 3i| Ex-li ^^e(19)EJ ^BtHI ^El^ ^'tF^"- 
:::::iH10IA1(20)Ml 4^?l Ej-II ^^§#(19) SI ^El^ OI^CH 

T\ ^2#(22)M ^^^HIK OlOiAi, 4'E|^ ^E|^ ^Ifj^-IHIM GietJ" 01^^^ 

13^(22)1 Ex-il ^^eM(19) AKDIB] i^lE" S^M b:^A|5'|^ ^^-^El-ei 5 

^-^ia(23)e ^^^CK 4^:71 l^-^E|-°i ^^-"^(23)^ xH^E^ Ail2 E2i#(24)M "^JX 13 

#(22)^ iSOl bi^^ LUl^hAI 4^71 Ail 2 E2!#(24)M CHix|»J^ E^ :?|7tl^ ^DKchemical 

mechanical polishing; CMP) AIITItMIK 3 gSh, 4'-:?l ^^-^EFei ^^^(23) LHOil ^^-^Ej- 

^'-^tl- §HH i>^S(}fl ^ofe, Aill E^1#(16)2J ^^^£1- ^gg ^'EI5 ^m^i-og ^ ^E|^ t^^V^ 
□I ^El^ ^t|-°|01l UISH ^^•■El^ ^3^^ 13#(22)M ^^^^01 ^^-gEf°i ^^#(23)M ^ 

^El-Q. ^El^ ^tl'^'-^ ^Ex«|E^ ^El^ Ish^^^^ Aill E2#(I6)]1F ^^-^Ef3 

E^-i1^(23) LH^ A1I2 E2!g(24) AhGIOII :^^J\ "U^tm SI^^Q. ZlEiLK ^Ej^ ^fF^*-^ ^2 

101 7.50iE^, ^SmOI 3.901 ^^1^ Aht|-°H Olg^l-01 AH 1 ES#2h A||2 ESSg §3A|?| 

^ ^^'■^ ^^011 HI^H geW^ l^-lE^e! S^^^OflAI^ AIM E?3#(16)]ll- Afl2 

E2I#(24) Ami^ 3mKm±D\ 2HH SE gZ^htHIK 

^^sti- 131^ ^=-gE|-ei 5^ DRAM SxKHI ^Sjg^FOI ^HHHAIEI ^^a^M yi^El-QjOil EHt^ 1^- 

^Ehei SSH^^^^^S^, UIMEheiah ?H1AIE1 SBIZK^. ^SEIAI ?3^)M ^Eie 

sfog ^3Ai?i^ ^A}.o^ i;i^oi| ui-ii ulME^ej ^huhaiei^ccbl):?!' s:?Fehoi iih^^g ^ ^hhhai 

Ei}^2J ^EHt^EI■. OllM MOi, PAI-ej-MOl 0.15^^°] DRAM Sxl Oil ^^-^El-°1 ^S^^ ^Hl 

AIE1 SSohS, HIMEhSillF r^MEIAI 3^ AI0|2J S9 ^HIAIS^ 2J3|| HIME^SJ ^Hl 

AI9:i!(C,J7h 30fF gE §7^*[Q. 

E 2^ §EH2J ^'-^CHI 2Jt]- 1^-^EI-ei qz^s ah^x^l Sx|2J eSEOIQF. 

E 21 SJ-Ejcil :?IS(30) ^'-Qil E^Si^ Ex-jj ^5^(39)^ A!ll E3S(36) ^'■^I Aill 

E?5#(36) 4^011 51#EI 4*EIS §t^^^(38)e 54}t>i:K ESI ^^3(39)21 *3 Ai-ofl^ Ah 
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ii|a^(45)M 5:^^ §9S(44)0I SSlia. a^-gEha 5^a<45)S 7312 £2SC46)^g QHSaOi 
gfflSJ Qg a^aOfl 2)i5hS, ESI ^53(39)21 ^3 Oil ^£15 §S|-5{-fiQ SggOl S^s 

i+sfei- >iniioiAi(40)e «sehJ3, urns t^u^ ±M\o\Ai{m^ wn ^101x1(42) 

gEFSOl ^^ai&l-OI Sai ?5s(39)2{ SAIEI ^BHIAI ^2^01 StiEIB, ^EI5 ifihSio^ 0|#D|S § 
9#(44)3h tMJII ^Eie >ilOIAI(40PI- BH^sjn Ai2|£|0j go ^^ji £gg(36)2J 5301 b: 

E&CK Hf^HS, HI1 £S#(36)]U M^-gEI-ei 5eJ?^(45) LH2J 3912 Ea#(46) ^^Q^I S:?!^ iSiMI^f 

4'E(^ ^lOIAISh ^EIE ^t^^^ ^51101X121 ^IGIXIM Olg^hOl ^^-gEh°i ^^-i? ^iM 

^^ofe ^"-SOI Dltj-g^ mt\§^ 7:ij5.899,7222{HI :'HX|£|Oi S^QK 

EE 3^ umm^ mmss. 5, 899, 7222011 ^hxiejoi si^ a^-gEt°] 5^ gxisi 

BgEOIQK 

E §-^^h3> M) E^1#(56) ^ 4'-:'l liU £2! §(56) ^^Oil ^El^ ^t^^^(58)e Eh 

ei^ Ex-il ^5M(59)# uh^x-il :?1»(50) ^^Oil S^ttK ^'7] ^^M(59)^ ^3011 ^E|^ gt^^l 
::i^SllO|Xl(60) S» ^Eie ^10|X1(62)# ^:fcl-^^5 ^S^HII-. &^71 Exll ^^§(59) ^ 7I5!'(50) 

^^Oil ^El? iiK5|a|o^ Gl^Oia 19#(64)g Sgtl" ^EIS ^^^tl-^^^lh ^EIS lt|-2|2h^ il^UlM 
OI§t^ Om^ SSSS §S#(64)M Eai :?Z&MS(59) XFGI2J S«M biEXI 

a5-SE^e! 5^^(65)e s^ti-a. oimi, ^^-gEra s^scsb) lh^ ^eis i+sh^i 

:^illGIXi(52):?h ^"-^l ^El^ <i^t^5^ 13 e (64)21- tJ-JJll ^2,^£ICH X-UTiSQ. OlOjX!, ^'71 ^^-^EhS 5 
^^(65)m 7312 ES#(66)^5 OH^e^OI ^^-^El-oi S^tj-CK 

um^^ m^^^ ;;ii5.899,7222:CHi :?HAi£icH i>^oji Bjera. ^^-^E^°j ^\t^ 

A^S^zi ggAI □l::ii^Eh°iO| %'m\0\ ^ti\ ^^^(59)2] aXiEl ^^011X1 ^^H3I 2tS£llHEhE. Sill 
E2#(56)^ ^ ^301 ^'El^ ^tF^^^5 Si^HS Xi|t E2#C56)Ilh ^^-^EfS] 

^^-tia^(65) LH^ ^-112 E2I#(66) ^H}11 ^J\^ ±^7[ Sr^^Q. n^iLK ^^-^El-oi ^EH^(65) 

LH^ ^El^ r^IFilOIX1(62)7h fllTltlH^, E IQil EXIti" gSH %'^2[ U^^^Jm^ M] E2!#(56) 

M2 £3 #(66) XFOlOil^ ^EI5 <i^t^^^aQ ^SmM i^-^ ^Ej^ ^th^^EIOI ^XHti-Q. ECi-Eh 
Xi, Xin E2#(56)2^ ^^-•gE^3 ^^^(65) Xil2 £2#(66) ?HillXIEj^M ^^^X|?|XI 

Dlti-g^ ^^^S 7:il57312365:. ^1157669922 ^' 1581 75625: 011^ ^X-|l ^^M^ ^^01! ^E|E 
Sh^^ :i:nilG|A-lM SIT^ ^'^t^ ^ ^EiE ^tl-^^ ^lOIAIM ^^o|-^ ^^^MGI 7HAIE101 SiQ. HEILK 
01 ^"-SM^ ^El^ i!-^l-°»- ^SilOIXIM ^^^1-71 UH^CHI ^El^ ^^^.^ r^jHIOlXiHJ 

7[ lOOA "iDW ^^EIGI ^^^£5 5S ?HnHAie::^::2:j sSI-^h SiQ. EEti", ^^-^El- 

oi ^EH oj^K Aiz| ggAI ^El^ Ai-tf^^ ^EllGlAi:?!- m^n ^^^£101 Exil ^^^21- ^^-^El-o] 

E2# Zi-Oil ^^y[ ^ at]-. Ex^II LH^^^^f^OI h^H^ 

§^011^ ^^71 ^^^M^ ^mn ^ aa^ esoi ^q. 

[Q-EI-Ai, B ^^S2J JillSJ =51 s ^^-^Bh3 LH^J 7;-||2 ^^Oil 53 ?HIllA|Ej 

i.^^Am ^ ^^E^^1 &x|g Xil^sl-^ai 2iQ. 

a ^^S^ ;^1I2^ ^HSHAIEI ^^A^m ^\^^\?im CH^i- ^^-^Epoi ^^A S§^5 ^^51-^ DRAM 

DRAM S-xlM Xil^uh^UI °iCK 

^ ^-S^ Xilcej Xill E^eHh ^^-§E|-3 E^m- 7312 E^i# ZKHl 59 ?HjiI!AI@^M i,"-^ 

All 4^ SxlHI Xlli&ffie XllSSh^Cil SICK 

B XI|4£1 d|5E^oi3h HlMEfojOll CHoH ^^-^El-°l£l^ ^HuHAlEi ^^ji^ l^oj ;^^|2 

S# Z^Ofl 59 ?HuHAI@^M iJ-^All ^ Si^ DRAM &x|^ 7;Uig,^SM Xil^^^^Lii SiQ. 

73M2J ^^^5^71 B ^^s^. ^^Exii 7ie; n ai-oioii ^^::?i ^\^\ 

^^EIDI. m ESg ^ ^^71 7;ill ^KMl ^EI5 Dfi^^H^M ^ :?H^ Exll 

4^::?i ^'ei^ ^m^*- oh^H^^ ^'■esQ ^oi5 ^ ^x\\ ^se m 

^^^M biimM9\^m ^^^1 ^ElE ^y-th^^ ^lOIAlp; ^^7\ Exil ^^MBJ hi^^i m^^m 
%1 ^'y\ ^'E!^ :::iffl|01Aie2] 53 ^^011 ^E|^ ^m^^ ^ItilOIAiM; i^'-^'l Ex^l ^^Ml 

^ ^'■I^l ^^(Hl ^^tld, ^'7\ Z^^ ^1^ ^'Eie Itf^*- ^lOlAiMM bi^A|3'|Il 4^:?i ^X]\ 
7^1^ ^15 ^^SEl^ ^5-^EF3 ^^ABm ^Ej^ Ah5l-°|£5 01^012 13§; ^'':7| 

^n_^£^oi sEH^^ DHg^f-Q ^•■:?i Exil ^ieeaii a5-gEh3Q~ 7312 E2i#g ^dmi-^ 2i§ mm 
^5 51-^ ai-Eai §ae 73is?lh:k 

731 22J B ^-S^, 7110|5, ^HHHAIEI ?q tIIMEI-3 

5 M?HX|^Eie01 e^E^^I 7\B ^^EII2> ^7\ HI5E^3 5^ S^g in^AI?!^ bj 

5EI-3 E^A^m 7311 gZi-gS^^; Ah;?] mZm'S'^ ^^7\ SmMEi S^A S^S AhOIOil ^ 
H ^^ElDt. ^7\ b|ME^3 #tll ^7\ bl|5Eh3 5^ 3^21- 271^^5 S^oh^ H|5E^3 SI 
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AI?|E^ ^El^ Ai-t|-°t ^IHlOIAiMJ 4^:71 2| ai^E^°l ^i#2J ing^ S 4^71 ^'E|^ 

i^asj- >iiHI0IAiM2J 53 A^Qii g^Ei gtF^J- ^laiOIAIM; dlME^ei ^^MM s M\ 

4^011 ^^EiDt, ^hhhaiei ^^j^ ^Eie iti-^i- ^sooiAiMg ^igAi^is 

^HHliAtEl ^dluh^ ^g^S DRAM SxIM SIStfCK 

^#^1 ^Ei5 Dh^B^M 5tithDi n AmiQii ^ m\ ^?^mmm ^^m^ e 

711; £31 aj-qj] ^^y^ ^^oj Ah^g ^g^jo^ bc^A|5|£^ 4'EIE I'th^*" OF 

^3#°J ^01^ ^El^ Aht^^ r^^lOIAiee m^^m^ BTW: =?^m^ hig^ ^ 

Ex-ii ^» m\ t^m^s.^ oi^chs ^stF^ bta; §3#m 

^^5Ho^ ^'^v^FCH ^.^^Q| ^^lOIAIMM hi^AI^IH ^iM 

X-042j^5i# ?|u^0| B a^SS. fllOlM, WflBAIEI S^ji gi uieb^oi sen g^o 

S 01^013 MgHXI^EIMOl SSS uTEffll 715.1- &»-01l TSll E^71lJ ^'■71 Xill m^m 

^'^"^I-OI ^•'71 HIMEI-oj gcq^ bi^AI^I^ HIMEfoj E^^m -S^ohS 9711; 

fe^7i 1 ^z^^s^*- ^'■oii ^'y\ ?HiHAiEi s^e AhoicHi =13, ^^71 HiMEi-e." ^^^m mm 

HI MEhei ?117I^^^ HI MEhei ^' ^7] UI^Ehe] ^^Qil ^#^1 ^SI5 I'tj-^*- DF^ 

3#e itt^eh^ ^ ^'H^J HI MEhei S^fiF^ E^TII; Z| HIMEtEl ^^M^ ^^(Hl 4^71 

^3M^ Ah^M ^^^^^ lraAI?l^ ^^71 ^El^ Dhiil^H^^J ^•'E'-SEf- ^01^ ^E|^ ah 

^SilOIAiMM ^^^1-^ E^Ttl; ^"-^l HIMEI-o] biB^ m^^M ^' 4^7! ^El^ 

::^i:10|Aje2J A^Qii ^.^1^ ^^|.a| >.5||q|^^^^ ^^ofe E^?1i; 4^7| HIMEhej S ^'■^l 

«ll SZ^g^^*- ^EIS ^»-tl-^^^^ OI^CH^ Xi\2 mZm'^^^m ^^^1-^ E^Tlj; ^^71 M2 M^^l^^i 
# ^g^io^ ^^mFOI 4'-7l ^HEHAIEI ^j^ ^^71 ^Ej^ ::^itilOI Ail^ ^gA|7|Il 

71 ^••H|EE|-°i ^^e°J ^1^ ^^S-£l^ ^^-^El-o] ^Ejj^^ ^^5f^ E^TII; %1 4'-7| ^^-§E^ 

°] ^^^e ^HnHAlEi DH^^I-OI ^^-^E^E' ^^^F^ E^?^IM ^Hl^h^ ^ 

DRAM ^^\2\ M^^^^m M^tyL[, 

B w'^m ^m^. M\ ^^m2[ ^»-cHi ^Ej^ mu"^ n[^B^m ^tmi-^ 

^^-^Eh3 LH°J 7;1I2 E3# ^H}1l ^HEHAIil^M i^^AIS 4^ SiEK 

at]-, ^'■7! ^EIS Ai-th^^ ^lOlyM^ ^Ej^ □h:^3#ej ^^E^SEI- ^OIS ^^EI7I [IH^OiL 

^^m^ eAIEI ^^jOll- i^EIS ^51-5^ ^lOIAiEi- ^XH^^Cj-. [Q-Ej-Ai. ^^-^EF3 ^^.h ^.^g 
A^^^^^ ggAI DI^^EraOi ^-^5^01 E|-£ XII 1 £^#21- ^5-^EF3 E^^B- LH^ ^112 E2e Zl" 

(HI 2!7|5i >.e:7^ W^uhT^j &^^Eh. 

0|3L m^t} iTiSI-OI s "Hgoii CH^H ^•"Ail^l ^S^I-HT^h 

£ 4^ B ^'SCHI ^^-^E^E' 5^ i^ExHI Sxl^j e^EOIEh 

E 4M i[^5^3, ^i-Exil 7IEK100) M] E3#(102) ^ ^^71 M] E3#(102) ^''Wl ^El^ 

M AFOIQjj ^§ E^^(S)M E^3 SEH^ IHEiySEK M] £2I#(102)^ HhlT^'ehTll^, 

g^EjKW), EIEhH(Ti) E^ EIEFh U0|ME|-0|E(TIN)2h S^^^ ^^^Q. ^£*^ -&^7| THU E2 
&C102)g ESa MEI^'EI^^^ ^E SiEK 

Ei^l ^5#(105)Bj m^m ^EI5 ^itilOIAUlOB) ^ ^Ej^ ^5|-^»- ^10IAi(108)^ 

^ii110IA17F^SSEK -^»-7l ^Ej^ d-t|-°]- :::iSj|0| Ai (106)^ 4^71 Ejtll ^^M(105)2J ^ 
Ah^e ^^^^^ k^^FE^ ^El^ □|-^H#(I04)°| ^f-BSEh ^01^ ^^^EK 

4'-7l ^EI5 >:iH|GIA1(108)^ 2l^(outer) ^ffllOIAi^Ai, ^ Ex^l qiil(105)^ biM^ m^^M 

S ^iHIOIA1M(106)2J S3 ajou 3^^iog ^^^q. 

um^om^. ^'7\ ^Ei^ Aht^a^ :diioiAi(io6)^ 71^^ ssra ^eis oi^dit^idi, ^ 

El^ l'th°^ Ohi!^H#(t04)2j ^^e^S^EI ^El? ^itllOjAf (106)2| fe'•E^Dra2| =JJil7h 2f 300A 

01 ^^01 EIE^ gS^Q. Etl". 4^71 ^EI5 ^1 01 Ai (106)2] fe'-E^I ^»-7| ^E!5 Dh^H 

#(104)^ 5^E^fiC^ ^^Til SSI ^E 2iQ. 

^^71 Ei-il ^5P1(105) S ^•■71 7IE»-(100) ^•'CHI^ EJtll ^^^^(105) A^l^ ^^■^(S) ?l^ 4»-7| ^El 
5 I'm^^ ^ni|0|A1#(108)l h:#A|71Il Exii ^^#(105)°^ ?|^ ^>-^^EI^ ^^-^EF3 

a^(n2)M ^El^ OI^CH^i ^3#(nO)G| ^^^Eh. 

^^71 ^^-^EF3 5^-i?a^(112)g X1I2 E3S(114)^^ DHUSIEK ^^71 M2 E2#(n4)^ 4'-7| Ex^| 
11(105)011 l=-lEh3EI01 ^E-gEl-3 S^E^EK :^>-7| Xi\2 ES#(n4)^ EAItt H^E^ 

^01 SEHS ^S^^ ^E 2i:Q, M^^2,^ g§01l IHSH^ HHEiyi 

E aa. 

E 5^ a a^goj u^e^xjeh ^a|01I7^ ^gEI^ ORAM gX|2J gSESAj, DilSEI ^ S^l EAIt^^. E 
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8^ E 52i AA'>:!!CH1 CCfE. S ^'S^ Hll ^AlOflOfl 2|*| ^E-§E^°I i;>^ ORAM Sx|2J 

£01 Qh. 

E 5 S £ 6# §H >+a5t(202)0il 2|^a S^(201)ah ±JJtSE\ S^HS ^SHOiS & 

£x-il 1715(200) 6»-(HI 9IEEraog XIISEI^ 7ilOIM(203), ?HfiHA|E1 S^(DliaCH, 
S^)(205a) S! dlMEI^e! 5^ S^dHlSIH, EEOei S^)(2G5b)^£ ^ig^ MSlXIAEIgOl SSSQ. 

E2HX|>iE1g21 i^>i/Eaie! S^(205a, 205b) H ?IOil SSEiOll 

SilbKaspect ratio)M i.^4iA|?|7| ^It!" IE 2!^M(204a, 204b)O| 4 SiQ. 

^^71 M?HXI^E1g a :?ie(200) Eaiei S^(205b) E~ EEHSJ S^(205b)3F s 

IE S^(204b)e biSAI?!^ H|EEhej ^E-i!^(207)e ai #^^§32^(208)OI S^SCK 

XI! 1 #Zi-^3^'-(208) ^'•(Hl^ bl^EF°! 5^-i1^(207)# W^fl ESiloj S^(20Eb)]l|- S^Rog g 
^El^ dl^E^£!(208) H 4^:?! H|^efoi(208) ai-q|| ^^^m- □^-a.^^(210)# ^m^^ ^ 

dlEE^ot ^iMM(211)OI ^S&D. ^ UIMEFei ^iM(21t)S El-S! SEHS EHEiyEICB, 3S A^ 
DIE] ^h^CHI ^HuHAlEi 5^ S^. OH^CH ±2.^ S^(2G5a) E^ ^»-:?| 3^ (2G5a)nF S^^! EHE 

2!^(204a)0l ^IxltlCh 

dlMEI-e] ^^M(211)£J ^^Oil^ ^E!E t.^^ ±mQ\M(2}2) ^ 4'Eie ^^^°»- ^101 A1 (214) 

^ ^IQIAil^h^^siQK 1^^:?! ^El^ >l^t^^^ ::iilOIAi(212)^ ^'Ei^ ^Sh^"" □h±H#(210) 

2J ^»-BMEI- ^01^ ^^^EK ^E|^ ^ffllO|A1(212)^ t.m S^^ 

a ^El^ ^Ht|-2»-og Ol^OiAIDl, ^El^ ^tl-^^ □^^B#(210)5| ^••S-^S^EI 4'EI5 
>::1Q|A|(212)^ fe^eHWI^ ^my\- %^ 300 A Ol^f-GI E|E^ ^S^EI-. 

^'EIS ::^10|Ai(214)^ 2]^ ^HOIAi^Aj. ^ dlMEFei ^2EM(211)2J m^M SI ^EI5 

::::^10)A1(212)M°j 53 ^'W S^^^S S^SEK 

^•■:7| dlMEI-oj ^^MM(211) ^ #^^^3^^(206) ^^Oil ?;-112 #^^^3^^(216)01 SSSEK 

MZ #Zi'§3^^(216)CHI^ ^HEHAIEI ^^ S^, WiaCH ±9:^ S^(205a) ^|21 ^^h^t >bIHi 

□IA1M(214)m bi^AI?!:! ^ UmE[?l ^^W(2n)SJ ^^S-EI^ lE-^EI-3 ^^^(218)01 

A}-:?! ^^-^£^oi ^EH^(218)^ ^HKHAlEi E2#(22G):^^ DHU^'EF. 4^:?! ^HlAlEi E^1#(220)^ d|M 
EF°i ^i^e(211)(HI ^^-^E^QJEICH ^^-^EF3 ^^-^1 ^igtJ"EI-. i^*-:?! ?HIHAIE1 E2!#(220)^ 

EAItl- dF^I- ^01 ^^Jj MEin ^EHS ^^^'^ 4:E #4^^ AhS^gCHI ^oH i^MEIAI j^HL^^ 

^ lEiy^ ^E ^Q. 

E 7a LHXI E 7h^ E m\ EAItt DRAM S^xl^ ^Soh^l ^It.^ Ei"3EeO|Eh 

E 7a^ dl^E^oi :^^m(2]\)m ^'So^~ EAItj-EK 1^^^ lirAh^EI OIl^jCH PHlf^' ^E| 

^ ^^sh(L0a3S) ^gOil at-i^-il :?l5!-(200) WE. m^'^'iZmm ^^ol-Ol i^i-^l 7IS-(200)# 
#S S^(E 5^ s^^^s 20]m ^A^^EI S^^^. ^^t.CK 

OICHAI, 4^71 :?1EK200)2J S^(201) ^''CHI ^^HT^I^EIM ^^tj"Eh. ^. (thermal 

oxidatlon)^^ S^(201)2J 53 Wl ?1I0!M <li-l|-^''(EAI^|-AI 'SSAI^ Zl i^'-^Ol! 

?-lEE|-3^^ XII^EI^ ^?HA|:^Ei2J >1IO|^(203)# ^^^tlQ. d^ij-^uhTil^. ^'7\ ?ilOIM(203)~ W^'-BJ 
ES Sg. Olt^CH ^^^^-^g. 01^^^ ^§ E^ 3-AI^ El gSDll ^^H :a^ESJ B^M^ ES^I 
MEI4'E|^#3|- l^Eii ^E|A|-OIE#OI MEIAfOlE ^^^IQK E*^ EA|U|-AI~ STSv^^LK 

4^71 ?1I0|E(2|]3)^ ^'El^ ^»-5|-^^0!Lh ^El^ I'th^'-^^ ^idlEICH. H ^30il ^EI5 ai-^ |.e|0|LI- ^E| 
^ ^fl-^'-H^ Ol^GHS :::^10IA1?h ^g&CK OICHAi. >110l^(203)# U[^B.^ OlgohCfl ^^^M 
Ol^^^t]-^^;>N S^(201)^ 53011 ^2HA|i^^Ei2i ^2:::i^/EEil3 2^(2G5a. 20Eb)e ^^tJ-EK 
EH S^M ^hLJ^ ?HnHAIEi2J >i£EIAI ^^U\ S^EIOIl' ^HEHAIEI S^OIW, El-^ t}r 
d|EEh30l S^EIOI^ d|EEF3 ^it* S^OIEh B ^'AlOIIOllAi^ S^(2G5a)OI ^HIHAIEI 5 

EH s^Om Ea!3 S^(205b)O| dl^^foi seh gc^Qj eiq^, 

OICHAi. MSHAI^EiM i! :?IEt-(200) ^^Qil ^3#(EAI^ra g^^m 01 M Al-^i^^*- ^ 

^^^^^01 rt5^:^::/Eai3 S^(205a. 205b)M b^BM^lO. ^11-^^ 21301! ES^j ^EI^EI 
Em gsf^m OIM EHEiy^^Oj S^(205a. 205b)011 S^^fe EHE 

S^K204a, 204b)g S^*]-Eh. IHE 21l^M(204a, 204b)^ ^^-^E[3 ^ 
E SiEK 

OlOiAI. EHE ?!!^#(a34a. 204b) ^•-71 715(200) ^•"Oll g^-tl- ^^01 

BPS6(borophosphosilicate glass) E^ US6(undoped silicate glass)M gsf^^OI S^i-^3^'-(206)e 
S^tl-EK GIDiAi. M] #Zi-13^^(205)g EIM^^. E^ 71711^ 3DKCMP) ^SOil S 

^rtl-AI^ M^^^ Xlll #^1-^35^(206)^ ^2»3|-01 ^•■71 Eai3 S^(205b)2F S^^fe EH 

E 2^(204b)m h:MAI?l^ dlMEf^oi 5E!j^(E 52J g-^^s 207)# g«§tEK 

OlOiAl, dlMEF3 E^-t?a^(2G7)e iH^E^ S>^|ii(«|)^ EIEfe(Ti) E^ ElEI-s U0IMEmiE(TiN)2h 
g-^ S^Sl 1G00^1200A^ e^^^^ H ^EI? ISl-^^g 180G~2000A2| =)H|S 

§^^i-CK AF2!ii|2]- SgHS $f7l ^EI5 §! =^mm EHEia^W d|ME^3(208) 5! ^EI5 I'ah 

5^ Oh>iBS(21G)M iittJ^F^ Eh3S d|MEh3 ^^#(211)11 ^SS^EK ^-71 dlME|-3(208)s Aj-ge^ 
Ml 0121011 ESS lEI^'EIS^^ SSoFOlE ^^^FEh 

E 7bg gi5h3. ^^71 d|MEh3 ^^MM(2n) S! &^7I Xill #^^^3^^(206) fi-Oll ^EI5 i!-5l-^^(2n) 

# tm y\& ^^•'(cvo) &g^g gsft^[:^. 

2| A!^dl7F 50I6f3 &»-7| ^E|^ i^5^q'(21 l)g OIl^iS 4^2^1-01 2^ dl^EI-S ^2M(211)2j 
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^ Uy±3m(2\Q)^ ^^-eSD ^0|g ^EI^ Aht^°| >iiH|0|Al(212)M^ ^^ILHIK 

e:l^(C)(Hl CH*I g4i(F)2| blS(C/F)0| I/2 0I4^2J 0113CH CiFo> C/o S ^FeSJ ^WIAI ilQSS Oli^ 

musi :?^>:a^ i+4:(o.o a ohMscAr) 7^::^! afs^w atstHih oieeh, fe'Eis 

10|A|(212)2| mU\7[ ^^ 200~400AOI tlES ShDl, ^EIS gt^o^ □|.A.3g(2io)2| ^^&^S^E1 

^I'l irtFSf >iniioiAi(2i2)2i ^^bjifxi^i ^jjii^f %^ sooa 01^, o^e5!e^^|^ ioooaoi eiss 

i 7el S^^ehS, 4^71 ^El^ lth°|(213m □l^'"^ ^^[Oi 4^71 H|ME^o! qiZEM(2n)^ hi^E! ^ 
3^1 ^ 4^71 ^'El^ ^101X1(212)^ i3 4'EI^ ^HOI Ai (214)1 # ^^ttCK 

OltlH, ^Eie lth°| 01 A1 (214)21 1G|7F °^ 100~300AOI £l£^ ^HQ. ^'■71 ^Eie ^th^,^ :^iiH!0| 
A1(214)^ $^2J SE-gEFej SSI ^^J" SSAI blMEhS! ^51(211)S Msm^ # 
□ (shoulder) tMIK 

£ TfM ^•■^i mum ^Eie d-aei-e ef booo-^iboooa^j ^jjug ssfo^Ql xii2 #^^l3 

^^(216)# SStlQ. 

7gl S^^^hS. X1I2 #ZH^3^''(216) 4^(HI ^£aiAI^M°l# Ei^mH ^=-^Eho] 

DlgeiOl 4^71 iSEilXI^M^'-m ^ ^^»^I01 ^^-^El-oi 2:^A17|^ iMSl 

AI^M S[ii!(SAmi-7;i S.^^)^ S^t.CK 0ICHA1. :^^7| i^dlAI^M EHE^m DI-^H^ OI^^M ^'El^ 
^^tF^^lh ^El^ ItF^I Zi-B] Aizj- AiEHyi:?^ ^3^^ A^7| ;i;^|2 #^l-^3°«-(216)e 0|^*-S ^^2. 
SAN 4^71 S'^(205a). SE^ ^^7| 4^^:^^ S?1(205a)2h S^^l^ SHE 3^(2048i) S! H ^»-^2J 

^EI5 I'tf-^^ ^10IA1(214)M hi^AI?!^ ^^-^E|-o] 5^a^(218)e SStMIK 

^-iia^(218)m XH^S^ ^HEKAlEi £^#(220). 01I3CH El^ ^EI^EI^^ sF*!- 714^ g^r g-g^S 

^i-CK oicHAi. 4''7i ?;ii2 #z^^3^*-(2i6)2j i^oi b^mm mm ^^7i ^hhhaiei e2i=(220)m chi 
n^-n E^ th^^ 71711^ 3GI- sB:^s xiiTiuioi 4''7i aE-iE^ej 5^^(218)21 iw^o\\°i mi\n sehs 

JHEHAIEI ESe(220)l fe^^iQh. 

^£t.^ ^^71 ?HnilA|E1 E2!#(220)^ M4^21 A^S^S,^ ^§011 21^H ^^E|A| 2!^ IHS^^ uHEiyi 

GIOlAi. W4^2J ^HSHAlEi ^S^g^S ^^71 -^E-^Efoj 5^-^13^(218)1 m^H S^(205a)l}ll 2!7| 

^2:^ S^^h^ :i:i£ElAI 2^, ^ MSI 01 M 21 =?^^ ^HuHAIEKEAI^CT Sr^M)M S-S 

ti-EK 

Ai-^eh a ^fgoj ;^^|| ^Al Oil Oil 21UFS, HI ^EFei (208)21 ^3G| ^'El^ ^'th^l-SEF ^EM^ UE\ 
E <ytl-°l ^1G|A1(212)S msm dlMEI-2] (208)21- ^E-^EhSJ 5^^(218) LH21 3HiiHAIE1 E 

2I#(220) S9 ?H EH A! 9:^5::, ^ HI^eI-o] ^HSHAIil^M ^±A\m ^ 

^t.K 4^71 ^EI5 ^i-tf-^*- ^JHI0IAi(212)21 ^^E^Oj ^EI5 ^M"^ af-:::i3#(210)2J ^>-BSEF ^'"Ti) ^-^tl 
HS HI^Ehej ^^^(211)21 2AiE| ^^ICHI^ ^EI5 ^lEIIOI Al (214)°]- ^?;H?L^E|-. CU-EI-Ai. 

^E^oi 5^ ^1^1- Al-^^^*- ^SAI G|^^EF2J0| ^^^^FQIEFE ^^71 ^EI5 mm^^ ^EilOlAi (214) 

Oil 21^11 0^201 ^^SEIHS U|MEFe](208)2h 5^ MEi 3(220) ^^2^ 2|7|5| ii^:?!- ^^ah^W ST^ 
Q. 

^^71 S9 ?HnHAIS^2J ^± slFM ^2!A|7|7| ^j^HAi^ ^EI5 ^y-^ST ^511 01 Ai (212)21 ^EI5 
ah:i::3#(210)2J e^E^^Q ^^5^ ?10l Hhi^^'^hCh. 

E 8^ E 52j AA'mi B ^'S2J Xi\2 ^AIOIIQII 21t»- lE-^Eh2! 5^ ?>~ DRAM &7:|2J 
33EGIEK 

E 8011 EAItl- HI-SI- ^OL B ^•"^21 X112 ^AIOIICHI 2jtl DRAM g-xl^ a^-^EF2i §§21 gOj GFS 

e eSA|7|7| ?|§||Ai ^EI5 m^"^' ^IGlAi (212)21 ^^^^D\ ^E|5 □|-^a#(2lO)21 e^BSEh 

fe^az.^ HI^F ^01 B ^'SOll 21uh3, X-II1 E^jgni- ^•■71 7;1I1 ESS &^Oil ^'EIS ^^F°| OFi^^Hg 

M Efll 7^g21 ^'•011 ^E!5 ^^^IGIAI SI ^ El 5 ^IGlAiS ^ 

g :::ilOIAiP SSt.CK ^'■71 7;ill EgS21 ^301 °2!e0l ^E15 ^J^sF^^ ::i^nilOIAiS ij->^A|7| 
m^m. XIII E2#3h ^ = -lE|-2J E^-^m- LH21 ?;i|2 ess ^KHI S^ ^HSHAig^M ^•'^Al^ ^ SiEK 

E*^, ^^71 ^EI5 ^^th^^ xirnilOlAi^ ^'EIE aF^HS21 AhyMEh ^GIS ^^EI7I UH^CHl, 

EjQil :?iM21 SAiEl ^^1011^ ^EI5 mm^^' :^5j|GIA1°j' ^XBtJ-EK CEI-EI-Al. ^^-^EI-21 

g§AI Gl^gEI-eiOl g-^mEiEhE 7311 ESSSf ^^-gEFej ^^AB- LH21 ?;i|2 E2!g 

CHI a7isj ssq. 

fe'-a*]' Hl£h &GL B ^-321 Hl-g,^^*]- ^'AlWIM m^t[(y\ ^SeFSAI^ ^H^^ 7I# ^0^21 §"37^^ 
EFS ^h7|2j §qi21 S?|(HI 7I7;H& B ^-321 A\^^ ^ S^£S^E1 910iUX| @?| LHOilAI a 

^^§1 E^?>^^?^l g ^gAia ^ aee oitH^^ ^ Sii aoiEK 
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§5Fev ^iaiOIAIM; 

^71 EiO a 4^71 715 SSEICH, 4^71 9121 ^E|= IshS^ >:iHIO|AIMM 

|| l^-^p2!^J|!f| DHgShOl 4^71 ESI ^issOil ^=-gEK2!E|^ 1112 ES#t ^UIo^^ 21s 

2. «|1*K)1I SiOIAI, 4^71 ^EI5 iiTshSf >bDflO|A|^ 4^71 fe'EI5 Haef Dh^3#2J fe^e^S^ 
a ii^jlf ll| ii:ffllO|A|2J ^tH)h7q°| ^W?\ ef 300A OI^OI Else «gg 31^ 

g^t^ 5. x^|l^^o^l sichai, xiii e2#2 s^^s oi^ch3 2ie ^s^s sh^ 
i^^f^^cNi^^ff El 3" ^"1^7? bTi'si-°."=ai s^^g-'Lj.'^Ai "aft ill S1 1 

JJJdlMEje!^^qi5M°| ir^E! fe""?! ^El= iIt)IOIAIg°l IS fe^Ofl SSS ^El 

e-i!#g ?=^^ ^El= iiHts^^S Ol^Ota fll2 #^^§S3e^; S 

A^7I ^ = -^e^o| sEHgg DHUShDl 4^71 dIEEhoi qi^ggOil Si-SShe!EIS JHIAIEI ESsg ^bl 
3JS ORAM Sxl. 

^ ORAM 



eaa §sa 3!g §s^^ dram sxi. 

10. XIIBi^OII SiOiAl, 4^71 b|MEh2!^ S^^S OI^CHS 2IS ^g°S 5fe DRAM 

11. a^Eai 715 M\ S 4^71 All ESs 4^011 ^E|= l5^e^ □^r^;^sM 

stmfDi □ AwiiHi zy^m ^ jh^i ehi ^s.mmm E^?ll; 

J'^sTi^fJdf^f.^ S! 4^71 4'SI5 if^e^ >ilOIAie°J £3 4^011 ^El= ±mQ\ 

4^71 Eai qi^sl S! 4^71 7ie 4^(HI 4'EI? ^i^5^e.^2g OI^CHS SSSfe 

4^71 ISsl ^gsjog t4^^m 4^71 $|£J 4^71 ^E|? 1^2? :iiEIIO|AIMM iMAI^IIl 4^71 
Eai ?3Es°l 9IS S = -gSie! gajgg «SSh= S 
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^^7\ Efli s y\B nti s=r i^ass ^ei= >infeiM s*mh^ stiij si 

S^tr 14. SIOIAI, C,F., CF, S CF^ 50ilA| i^ejgi 0|ir SH-fM A^go^^ 2 

§^tf 1G. fl|11*KHI SiCHAI, HM =^og ^ggfe 3^ sgog 

3S# Stl^fc ^ HIMEI-SJ ^^Mss S^et^ 3711; 
BSD SOIS ^E|= i^s^a^ ^iiioiAIMM SSSh^ 3711; 

^71 2f_bl||^^qi^^2|^h:^g^S =3¥M 5! fe^7l ^SI5 i^t^e^ iijaiOIAIs°J JESM ^1 ^El= § 

IjTi y||e^e-' °' flu se^^ae^ 4hhi ^ei= i+5h9i£s oi^oia fli2 sZHgaeis 
bl5^= ^g^^ dram ssisj msg^a. 

18. Jil|l7t^(HI SiOtAl, 4^71 4'EI5 i+Sie| i^^iilOIAIg §Soh= 3?ll^: 



6^71 UIMSf3 ^iMM i! 6^71 mi ^El^ <i^5^H^g g*f^h 

S^S 19. ?10\M. &i(C)(HI CHt^ §:ii(F)°) dls(C/F)OI 1/2 0I^^3 7h>:g A^gS^01 

^E|= i^She^g Oli^S i!2mh^ Sh^ ORAM M^WS. 

20. ?;il19t.HHI SiCHAI, 4^71 7f>i^ C.F., C^F, S CJ^ 50flA| d^j^ 01i= SH-FM AhSSI-^ 2 
# sgog DRAM Sx|2| 

DRAM g-xiq 7:115^^. 

istS' 22. wmm ^o\m. ^^y\ umEy^i^ ^^2.^ s«oh= am §9:2^ dram xii 
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